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The determination of sex-ratio variation is a useful guide for identifying models of sex-ratio evolution in gynodioecious species. This study
counted the numbers of female and hermaphrodite plants in five populations of the gynodioecious shrub Gnidia wikstroemiana distributed over
2.3° of latitude in dry, highland shrublands and grasslands of South Africa. Population sizes ranged from 71 to 435 plants with populations
occurring on diverse rocky terrains along a 422-m altitudinal gradient. Female frequencies varied from 35 to 47% but sex-ratios did not differ
significantly among the five populations. However, sex-ratios in three populations occurring on ridge slopes deviated significantly from the 1:1
ratio while those populations located on the crests of mountains did not. These results suggest that both nuclear gynodioecy and subdioecy are
involved in the sex-ratio evolution of this species.
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Gynodioecy is a breeding system in which populations of a
plant species consist of a mix of hermaphrodite and female
individuals (Bailey and Delph, 2007). Gynodioecy arises in a
population of hermaphrodites when a male-sterile (female)
mutant, involving nuclear and/or cytoplasmic male-sterility
genes, enters and then invades the population at frequencies
higher than expected by mutation (Delph and Lloyd, 1996;
Silvertown and Charlesworth, 2001). Once dimorphism is es-
tablished, gender plasticity and sex-ratio evolution are influ-
enced by a complex interaction of genetic and ecological factors
which ultimately determine the variation in sex-ratios observed
among populations in the field (Delph, 1990, 2003; Wolfe and
Shmida, 1997; Sakai and Weller, 1999; McCauley et al., 2000;
Bailey and Delph, 2007).
To aid the field biologist in choosing a model of sex-ratio
evolution in gynodioecious species, Bailey and Delph (2007)
presented a guide to four models of gynodioecy (nuclear, nuclear-
cytoplasmic and stochastic gynodioecy plus subdioecy). TheE-mail address: smithf@ukzn.ac.za.
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doi:10.1016/j.sajb.2009.02.178primary dichotomy in their key is based on the sex-ratios of
offspring produced from reciprocal crosses among hermaphro-
dites. However, in the absence of such data, there is sufficient
clarification given on how to use observed sex-ratio variations to
detect the type of gynodioecy occurring in a particular system. In
this respect, I report on the magnitude of sex-ratio variation
among five populations of the gynodioecious shrub Gnidia
wikstroemiana (Beaumont et al., 2006), and infer how similarities
and differences in their sex-ratios suggest two types of
gynodioecy in this species.
2. Materials and methods
The populations studied were distributed over 2.3° of latitude
along an altitudinal gradient of 422 m on the escarpment of
South Africa (Table 1). The annual rainfall in the study area
averages about 425 mmwith a coefficient of variation exceeding
30% (Beaumont et al., 2006; Mucina and Rutherford, 2006).
Mean annual temperatures vary from 15.1 °C in the north to
13.5 °C in the south (Mucina and Rutherford, 2006). Soils are
shallow and are derived from mudstones, sandstones and
igneous intrusions (Mucina and Rutherford, 2006). Within this
environmental mosaic, the populations ofGnidia wikstroemianats reserved.
Table 2
Population sizes, female (F) frequencies, sex ratios and results of chi-square
goodness-of-fit tests of 1:1 sex ratios within five populations of Gnidia
wikstroemiana in South Africa. H=hermaphrodite.
Population Number
of plants
Frequency
of females
Sex Ratio
(F:H)
Chi-square
value
DF P
Lockshoek 328 0.37 0.6:1 22.55 1 b0.001
Smartryk 71 0.35 0.5:1 6.21 1 b0.02
Compassberg 435 0.45 0.8:1 3.86 1 b0.05
Glen Alan 105 0.44 0.8:1 1.61 1 N0.2
Schurfteberg 185 0.47 0.9:1 0.65 1 N0.5
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comprising mainly shrubs and grasses (Table 1).
Numbers of hermaphrodite and female plants were counted
in the five populations in October 2008 with sex morphs
discriminated by the presence or absence of pollen-bearing
anthers (Beaumont et al., 2006). Differences in sex-ratios
(female and hermaphrodite frequencies) among populations
were analyzed first using a chi-square test for k independent
samples, followed by a chi-square goodness-of-fit test of each
population against the 1:1 sex-ratio (Siegel and Castellan,
1988).
3. Results and discussion
Population sizes ranged from 71 to 435 plants (Table 2).
Female frequencies among the five populations varied from 35
to 47% (Table 2) but differences in sex-ratios were not
significant (PN0.05). However, when the sex-ratio of each
population was tested against the 1:1 ratio of females to herma-
phrodites (Table 2), the sex-ratios in the subset of three popu-
lations occurring on the ridge slopes of Lockshoek, Smartryk
and Compassberg deviated significantly from the 1:1 ratio
(Pb0.05). In contrast, sex-ratios in the subset of two populations
located on the crests of mountains in the Glen Alan and
Schurfteberg sites did not differ significantly from the 1:1 ratio
(PN0.2).
The magnitude and range of female frequencies (35 – 47%),
the similarity in sex-ratios among populations, and the sex-
ratios of two populations matching the 1:1 ratio, suggest that
both nuclear gynodioecy and subdioecy determine sex-ratio
evolution in G. wikstroemiana. In nuclear gynodioecy, sex-
ratios can vary over ecological gradients but are fairly stable and
generally occur below 50% compared to stochastic and nuclear-
cytoplasmic gynodioecy where female frequencies are highly
variable and exceed 50% (Bailey and Delph, 2007). Females
are maintained in populations because they compensate for
their loss of male function by having higher seed fitness than
hermaphrodites (Lewis, 1941; Bailey and Delph, 2007). Using
Lewis' (1941) model of nuclear gynodioecy (p = (x−1)/2x),
it is estimated that compensation (x), the excess seed fecundity
of females over hermaphrodites (Bailey and Delph, 2007),
would need to be of the order of 3.4 to 15 for observed
female frequencies (p) in G. wikstroemiana to be main-Table 1
Locations and ecological conditions of five Gnidia wikstroemiana populations
in South Africa.
Population Lat.
(°S)
Long.
(°E)
Altitude
(m)
Terrain1 Vegetation Vegetation
unit2
Lockshoek 30.0 26.0 1544 Ridge slopes Shrubland Gh4
Smartryk 30.3 25.6 1604 Footslope Shrubland Gh4
Compassberg 31.7 24.6 1688 Footslope Grassland Gh1
Glen Alan 31.2 25.1 1712 Crest Grassland Gh1
Schurfteberg 32.3 25.3 1966 Crest Grassland Gh1
1MacVicar et al., 1977, 2 Mucina & Rutherford 2006.tained. However, the observed compensation in females may be
lower than predicted if the 26.3% of selfing found in herma-
phrodites of this species (Beaumont et al., 2006) leads to
inbreeding depression (Lloyd, 1975).
In subdioecy, female frequencies approach 50% (the 1:1 sex-
ratio) with some or many hermaphrodites functioning as males
under unfavourable ecological conditions and as females when
conditions improve (Wolfe and Shmida, 1997; Bailey and
Delph, 2007). Populations ofG. wikstroemiana occurring on the
crests of mountains (Table 1) are candidates for the study of
subdioecy because their sex-ratios match the expected 1:1 ratio
(Table 2) with flowers on some hermaphrodites containing large
anthers but tiny pistils (personal observation).
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